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Summary 
The clinical efficacy and indications for Angiotensin I (AT 11)-induced hypertension 
chemotherapy were evaluated as a drug delivery system in 101 patients with advanced carcinoma. 
The sites of primary tumor studied included stomach ( 44), pancreas (18), colon (16), esophagus (6), 
bile duct (4), liver (3), breast (7) and 3 other single organs. Seventy four cases had distant 
metastases (lymph node (25), liver (29), peritoneum (16), and lung (4)). Additionally, the protocol 
was used 12 cases as postoperative adjuvant chemotherapy and 15 cases following exploratory 
laparotomy. The blood pressure was elevated to a level 1. 5 times base-line. The regimens used con-
S凶edof MMC+ ADR (55), FAM (38) and CDDP (8). The dosages administered were MMC 7 
mg/m2, ADR 14 mg/m2 and 5・FU350 mg/m2 The cancer chemotherapy protocol with AT Iwas 
repeated for an average of 2.6 cycles with a 2-3 week interval. 
The drug concentration in tumor tissues was increased 1. 7 fold by AT Itreatment. The 
response rate was 15.8% (CR 7 and PR 9), and in those patients with lymph node, liver and 
peritoneal metastases was 48.0, 6.9 and 6.3%, respectively. The serum levels of tumor markers 
decreased in 9 patients. Subjective symptoms, such as hoarseness, edema and pain, were improve-
d. The mean survival in patients with distant metastasis who responded was 343 days, and in non-
responders was only 168 days (p<0.05). The side effects of this therapy were slight, typically being 
grade 1 and 2. 
Thus, the chemotherapeutic agents studied in conjunction with AT Iwere effective in patients 
with lymph node metastasis. Additionally, this regimen could be performed safely with minimal 
side e仔ects.
Introduction 
The delivery of anticancer drugs to tumor tissues is known to be one of the most important fac-
tors in determining the clinical efficacy of those chemotherapeutic agents. Ang附 ensinI (AT II）ーin-
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duced hypertension has been used in association with cancer chemotherapy to increase delivery of the 
chemotherapeutic agents to the target tissues in cancer patients. Using this technique results in 
enhanced chemotherapeutic effects10l. It was shown by analyzing the microhemodynamics of tumor 
vessels that the elevation in blood pressure induced by AT I results in a several-fold increase in 
tumor blood flow. This effect seems to be especially significant in the tumor vessels13l. 
In this report, we evaluated the drug concentration in tumor tissues with AT II-induced 
hypertension and the clinical e伍cacyof this regimen including the incidence of side effects. 
Materials and Methods 
1. Patient pro副es
From 1985 to 1989, 101 patients with advanced carcinoma received AT II-induced hypertension 
chemotherapy in Wakayama Medical College Hospital. This group included 6 with esophageal 
cancer, 44 with gastric cancer, 3 with hepatocellular carcinoma, 4 with bile duct carcinoma, 18 with 
pancreatic cancer, 16 with colon cancer, 7 with breast cancer and 3 other cancers. Distant 
metastases were present in 74 patients. Of these, 25 were to lymph nodes, 29 to the liver, 16 had 
peritoneal dissemination and 4 had lung metastasis. Exploratory laparotomy was initially perform-
ed in 15 patients who were then found to be inoperable. Twelve patients with Stage IV cancer receiv-
ed this regimen as a postoperative adjuvant chemotherapy. The male to female ratio was 67・34,
and the mean age was 58 years old. 
2. Preparation of AT I and clinical procedure 
The AT I (CIBA-GEIGY, Basel, Switzerland) was dissolved in 500 ml of physiological saline 
at a concentration of 5 μglml. This was then given by continuous infusion using an infusion 
pump. Blood pressure was monitored to achieve a mean pressure 1.5 times baseline, but never over 
150 mmHg. The anticancer agents were then given by intravenous bolus injection through the op-
posite arm from the AT I. The blood pressure was maintained at this elevated level for 10 minutes 
following administration of the chemotherapeutic agents. 
3. Chemotherapeutic regimens 
The combinations ofmitomycin C (MMC) and adriamycin (ADR) were used in 55 cases, FAM 
(5-FU, ADR and MMC) in 38 cases, and cisplatin as a single agent was used in 8 patients. The 
respective doses of each drug were 7 mg/mm2 for MMC, 14 mg/mm2 for ADR, 350 mg/mm2 for 5・
FU and 60 mg/mm2 for cisplatin. This schedule was repeated eveη2-4 weeks. The average 
number of cycles was 2 .6, with a range of one to seven cycles. The clinical efficacy was evaluated ac-
cording to the Japanese Ministry of Public Welfare criteria. 
4. Measurement of drug concentration in the tumor tissues 
The intratumor concentration of cisplatin was measured in three patients with gastric car-
cinoma and Virchow lymph node metastases. The metastatic lymph nodes were resected at 10 
minutes following administration of cisplatin (50 mg/body) with AT II-induced hypertension. The 
intratumor concentration of total platinum was then measured by atomic absorption spec-
trophotometry. 
Results 
1. Elevation of blood pressure by AT I 
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The blood pressure was elevated to the target level ( 1 . 46士0.15 fold) in al patients within 2-3 
minutes using a flow rate of 20-35 ml/h of AT I. This level was reliably maintained unitil discon-
tinuation of AT I. When AT II infusion was discontinued, the blood pressure returned to the 
previous level within a few minutes. 
2. Increased concentration of chemotherapeutic agents in the tumor tissues 
The intratumor concentration of cisplatin was measured in patients with gastric carcinoma and 
Virchow lymph node metastases. In patient 1, the intratumor concentration of cisplatin using AT 
II-induced hypertension was 2.23 μg/g. This represents a 1. 7 fold increase over that obtained with 
normotension. In patients 2 and 3, the concentration of cisplatin using AT II-induced hypertension 
was 4.02 and 1.44 μgig, respectively. The mean concentration ofcisplatin in these three cases was 
2.56± 1.08 μgig (Table 1). 
3. Therapeutic effects in advanced cancer patients 
Seven of 101 patients (6.9%) achieved a complete response (CR) and 9 patients (8.9%) achieved 
a partial response (PR). This gave a response rate of 15.8% (CR+ PR). In 74 patients with distant 
metastasis, the response rate was 21.6% (CR 9.5% +PR 12.1%). The relationship between 
response rate and site of metastasis revealed that CR was obtained in 7 patients with lymph node 
metastasis and PR was obtained in 5, 2, 1 and 1 patients with lymph node, liver, peritoneal 
dissemination and lung metastases, respectively. In patients with lymph node metastases, the 
response rate was 48.0% which was significantly higher than those of the other metastatic lesions 
(pく005) (Table 2). 
4. Clinical e伍cacyin patients with lymph node metastasis 
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The total platinum concentration in tumor tissue was measured. V1r-
chow lymph nodes from three patients with gastric cancer were resected at 
10 minutes following intravenous administration of 50 mg cisplatin 
ND; not determined. 
Table 2 Response rate for c釦 cerchemotherapy under ATII-induced hypertension. 
Location of Clinical response 
metastasis Response rate CR PR 
Lymph node (25 cases) 28% (7/25) 20% (5/25) 48% (12/25）歌
Liver (29 cases) 。 6.9% (2129) 6.9% (2129) 
Peritoneum ( 16cases) 。 6.3% (1116) 6.3% (1116) 
Lung (4 cases) 。 25% (1/4) 25% (114) 
Overall response rate 9.5% (7174) 12.1% (9174) 21.6% (16174) 
* p<0.05, compared with response rates for other locations of metastases. 
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Seven patients achieved CR and 5 patients achieved PR of 25 patients with lymph node 
metastases. The locations of the metastatic lymph node in those patients who obtained CR included 
six with Virchow lymph nodes alone and one thyroid cancer patient with a left cervical lymph node 
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Effects of ATII-induced hypertension chemotherapy against metastatic lymph nodes. 3 Table 
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metastasis. The mean duration of CR was 114 days with a median of 80 days. PR was obtained in 
one gastric cancer patient with metastatic hepatic lymph nodes and 4 patients with Virchow lymph 
nodes. The degree of tumor regression ranged from 58% to 96%. The mean duration of PR was 
58 days with a median of 44 days (Table 3). 
5. Decrease in serum levels of tumor markers 
Nine patients achieved a decrease in serum carcinoembryonic antigen (CEA) or CA19-9 level (6 
and 3 patients, respectively). This included 7 patients with gastric cancer, 1 with esophageal cancer 
and 1 with pancreatic cancer. Two patients obtained CR and 1 patients obtained PR among pa-
tients noted to have a decrease in tumor markers (Table 4). 
6. Improvement in subjective symptoms 
Subjective symptoms were also improved叩thAT II-induced hypertension chemotherapy. 
Two patients with metastatic cervical lymph nodes had resolution of hoarseness (33%), 4 patients 
had resolution of upper and lower extremity edema (44%), and 3 patients had resolution of pain 
(33%) (Tabel 5). 
7. Survival rate 
Patients with evidence of tumor response had a mean survival of 343 ± 121 days and a medium 
survival of 312 days. However, non-responders survived a mean of only 168 ±97 days. With a me-
dian of 15 7 days, amongst 7 4 patients with distant metastases. There was a si伊1ificantdifference bet-
ween the survival period of responders and non-responders (p < 0.05) (Table 6). 
8. Adverse effects of the treatment 
The side effects accompaning the AT II-induced hypertension chemotherapy were few. These 
side e仇ctsaccompaning with induced hypertension included headache (5.9%), retrosternal pressure 
(2.9%) and abdominal pain (2.0%). These side effects were reduced with a slight decrease in the 
rate of AT II-infusion. The side E佐ctsof the anticancer drugs included nausea, vomiting, 




Abdominal or back pain幻




I) Hoarseness was due toparalysis of the町currentlaryngeal nerve by 
tumor mass invasion. 
2) Edema of the upper and lower extremities was due todisturbed lym・ 
phatic flow by metastatic lymph nodes. 
3) Abdomin必orback pain was due to metastatic lymph nodes in the 
paraao同icregion 
Table 6 Survival time of responders and non-responders. 
Responders (CR+ PR) 16 c酪es
Non-responders 58 c出回
* P<0.05. 
(74日seswith distant metastasis) 
Survival period 
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Table 7 Adverse efects of cancer chemotherapy. 





2. Side efects due to anticanc定rdrugs. 
No. of case Clinical sings 〔%〕
Nausea/vomiting 22 (21.8%) 
M yelosu ppression 22 (21.8%) 
Alopecia 4 (4.0%) 
48/101 (47.5%) 















myelosuppression and alopecia. Nausea and vomiting occured in 22 patients (21.8%); grade 1in10 
patients and grade 2 in 12 patients. Myelosuppression developed in 22 patients (21.8%) and 20 of 
these patients either grade 1 or 2. Only 2 patients suffered from severe leucocytopenia of grade 3 or 
4, but the nadir was from 7 to 10 days. The leucocytopenia was reversible in al cases. Alopecia oc-
cured in 4.0% and therefore was not a frequent side effect (Table 7). 
Disucussion 
Accumulation of chemotherapeutic drug into tumor tissues is essential in cancer 
chemotherapy. The AT II-induced hypertension method has been adapted to cancer chemotherapy 
as a drug delivery system10>. It has been found that tumor tissues, includeing metastatic lymph 
nodes, are composed of newly growing vessels which lack blood flow autoregulation and are influenc-
ed only secondarily by the responding somatic vessels7l. It has been demonstrated that elevation of 
the mean arterial blood pressure to 150 mmHg by infusion of AT Iselectively results in a 5-7 fold in-
crease in blood flow in tumor tissues without increaseing blood flow in normal tissues12l. ABE et al. 
reported that the intratumor concentration of fluorescein isothiocyanate-labeled neocarzinostatin us-
ing Donryu rats was approximately 2・foldhigher in a group using AT II-induced hypertension com-
pared to controls2l. However, there have been no reports that clarify the enhancement in intratumor 
concentration of chemotherapeutic drugs in human cancer patients using AT II-induced hyperten-
s10n. 
In this study, we measured the intratumor concentration of chemotherapeutic drugs in cancer 
patients and showed that the concentration of chemotherapeutic drugs was elevated in tumor tissues 
by AT II-induced hypertension. The concentration in Virchow’s lymph nodes following in-
travenous administration of 50 mg cisplatin under AT II-induced hypertension was 2.56 μgig. This 
concentration was higher than serum Cmax obtained by intravenous administration of 100 mg 
cisplatin5l and was proven to be an effective level for gastric cancer using in antitumor chemosensitivi-
ty test14l. 
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The combination chemotherapy of 5-FU, ADR and MMC (FAM therapy) has been reported as 
an effective regimen against advanced gastrointestinal cancer. The response rates for FAM therapy 
in early studies had been relatively good, that is, BrTRAN et al. demonstrated that the response rate in 
oancreatic cancer was 40% and gastric cancer was 55%4l. Other reports have achieved response 
~ates ranging from 23% to 37%札1). Since the criteria for response to cancer chemotherapy has 
recently become more strict, the response rates of FAM therapy are down to 7%-14% in advanced 
宮astricor pancreatic cancer3・9). Although cisplatin has also been confirmed as an effective 
~her therapeu凶ticagent, the objective response rate remained at 22%8l and 19% of patients with ad-
vanced gastric cancer1l. 
W AKUI et al. demonstrated that the response rate of FA恥ftherapy used in co吋unctionwith AT 
II was 50% in gastric cancer15l In our study, the overall response rate was 21.6%. However, the 
response rate was 48% for patients with lymph node metastases and 34% (11 of 32 cases) in patients 
with gastric cancer and distant metastases. Thus, our method using AT II-induced hypertension 
was clinically beneficial compared with recent reports. 
The side effects of AT II-induced hypertension chemotherapy were mild. OsT宜Ret al. reported 
that 50 % of patients on FAM therapy experienced severe or lifethreatening toxicity9l. Another 
reported that 16% of patients suffered febrile leucopenia and one treatment-related death3l. 
However, in the present study, the incidence of myelosuppression was 21.8% and almost al side 
eπects were mild at grades 1 and 2. 
AT II-induced hypertension chemotherapy is effective in cancer patients with metastatic lymph 
nodes and has mild side effects. Therefore, we proposed that the combination of AT II-induced 
hypertension with effective anticancer drugs may result in increased clinical e伍cacy.
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進行癌101j列を対象に， AngiotensinI (AT I）によ 覚症状は嘆声，浮腫および疹痛の改善を認めた．腫蕩
る昇圧で抗癌剤の腫蕩組織内への移行を充進させる方 マーカーは9例で低下した 遠隔転移を有する74例の
法の癌化学療法における意義を検討した．抗癌剤は 本法開始時からの生存期間は平均210日で，とくに有
MMC, ADR, 5-FUまたはCDDPを用い. 2剤，また 効例では343日と，無効例の168日より明らかに生存期
Ii 3 Jl1J同時併用で静注終了10分後まで昇圧状態を維持 聞の延長効果を認めた（p<0.05）.副作用として軽度
した昇圧時の抗癌剤の組織内濃度は頚部リンパ節の の消化器症状を22例，脱毛を 4{9tjに認め， 22例に骨髄
生検結果より非昇圧時の1.7倍に増加することを確認 抑制がみられたが，レす．れも Grade1～2であった．
した 有効率はCR7例， PR9例て＼ 計16例（16%) 以上より ATI 昇圧抗癒化学療法は副作用が少な
に有効であり，再発形式別にみると，リンパ節転移 く，ことにリ ンパ節転移を有する進行癌に対しては有
48%，肝転移7%，腹膜転移7%に有効であった．自 効な治療法といえる．
